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Summary
This note describes tests of s_ adj:_,table blade metal model
co_,b_nao_on with apropeller, beth in a free wind stream end in ...."_ _"
model fuselage, at four settincs of the blades. The model pro-
peller is designed for a uniform nominal pitch/diameter ratio of
.7 and the blade settings used correspond to nominal pitch/
diameter ratios of .S, .7, .9, and I.I at the .8 radius.
The tests show that propellers of this type may be consid-
erably changed in setting from the designed pitch angles and yet
give excellent performance.
The efficiency realized and power absorbed when blades are
set at other than the designed angle, are little different than
would be obtained from a propeller with uniform pitch equal to
the mean pitch of the propeller under test.
Intr o duct ion
The adjustable blade metal propeller is usually designed to
have the blades set at such an angle as will provide a somewhat
uniform pitch along the radius. It has been shown that (Refer-
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once I), in a frec wind strc.m, while such a propeller gives the
greatest efficiency there may be considerable variation in pitch
as distributed alcn6_ the radius without serious efficiency loss.
it has ;_iso %con sho}_ that (Reference i), in combination with a
slipstre&un otstruction, a propeller with a radial pitch distribu-
tion si_il_r to the radial distribution of velocity through the
propeller plcne, gives superior results. The present tests give
some further confirmation of the above conclusions•
Tests
Tke model propeller chosen for these tests was oropeller A
of Reference I. The blade form is shov_T, in Fi!]ure I. The model
has o _miform nominal pitch/dis_<_eter r_lo of .7 _en set a_ the
an_les shova<. For a nominal pitch/dicaneter ratio (at .6 radius)
_I •5, the blade an_les are decreased 5.6 °. For a pitch/di&_eter
ratio of .9 they are increased 5.1 ° . For a pitch/die_[_eter ratio
of I.I they are increased 9.9 °.
Table I shews the radial distribution of nominal ioitch-
dis_etcr ratio for the settings employed.
TABLE I
Angle _
6o>%
Radius 10.8
14.8 °
20.6
25.5
30.3
P i t ch-D iis:}£t£r__Rat!9___u p rq? ell e}2 _4 ......................
Radius - _o of tip radius
] 5 30 45 60 75 90 lOO
• 5s .5s ! . Du , • _ i.....__i- ...... . so
.7 .7 I .7 _ .7 .7 .7
• . . _ ., . .97 1.OZ
- i _ i o_- 1 51
z.oo l.O4 i l.lO i l.Z7 i .
............... L ............ '................. [ ...................
.57
• ¢
.F_6
I. 05
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It is ,,_:,enufrom the ,0cove t_zat the 14.8 ° ,-e'÷ino,:_u_ provz_es
a prope]ler of radially deoreasiR_ pitch, tke 20,% ° settinG,
propeller of uniform pitch_ and the other settings propellers
• i ÷ _77of r_dJ.a]_ly increasznc p _,,....
L,e tests were conducted in the _" _-_e '_im Aeron_u.tic Lab-
oratory at Sta_:_ord University and in the usuaA manner - de-
scribed in detail in Reference I.
_:_e observed o_sta and computed _oefficients are _]iven in
Tables !I to IX. The coefficients
Cp : h_o x 550
p n_ Ds
thrust
CT :
pn _ D _
and wi = efficiency,
with V/nD _,s ar{<ument, are shown in Figures 2 to 9.
Remarks
:_u free wind stream tests of this model reveal no stai%-
ling results. As may be seen from tests of other propellers
(Reference 2) the power absorbed and efficiency developed are
,,ho,u would be - _ed.about ..... eKoec b
Reference 2 gives the results of tests_ in a free wind
strem:_, of adjustable blade met_l model propellers with five
uniform nominal pitch ratios. Each propeller is _ested at six
blade angles, thus providing thirty propellers with a consider-
mm _C i... •
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able r<mge of mean pitch and a wide vcriety of radial pitch dis-
tribution. These models are similar in pl_r_ form srad section to
model A of the r)resent tests.
Figure i0 snows _h_ maximum efficiency points for the tests
of Reference 2, <m_.dfor the free stream tests of propeller A.
it m_%y '_e seen from tnms_" figure that, w%ile, in a free v:ind
stremu, the uniferm pitch propeller of this form g:enerally at-
tains the higher efficiency, the departure from uniform pitch,
in "_ i ..... _ "s._t n_;_ of _odel A u_e_, is Insu_ficient to cause an appreci-
able difference between realized efficiency and highest effi-
ciency to be ex_,ected.
The three soots of _' • - _ _
_ =igu_e I0 tka_ are more then g_ below
a line c<ra}._,through the hisher m_xima are for propellers havmn_.
pit ch at ..... _ =_::_ tip twice tna0 at the S0_g radius, which is three
times the maximum radial variation encountered in propeller A.
With respect to power it may be seen tnaz for propellers
of _Tiven plan form and sections the power coefficient
Cp - SS0 hp at maxim_ma efficiency deoends mainly upon the dy-
@n 3 D s
namic pitch. Figure 11 shov<s Cp for maximum efficiency for
all t{__sbs of Reference 2, and the free stream tests of pro_eller
+ _-A plotted a6 " _ V/nD for zero ohrusbamnob dyns_ic pitch ratio, or
While there is some l_.cK of a_@ exact correlation of Cp at max-
imum efficiency _nd V/nD for zero __ru_t, the _eneral rela-
tion is evi_:_e_.t. Further, since, nea_ _ the peak of the efficien-
cy curve, effi_;iency changes hardly at all and the power coeffi-
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cient considerably with a small cha_nse in V/nD , particularly
with propellers of 1",_7< _ _ "_" _ ' of_ , :0itch r,2_lo, ma s>ots Fi_rure ii
Urou(_-ib into a linear relation with no 6_eptLrtlire from
the o_e_._,_ions ioe.vcn,i the probable experimental error
_ _,_,. the same as thatThe model zu.elage used in these tests ....
of Reference i - a %'E-7 with stub win<s. It ej,pea_'s from the
tests of propeller A in combination with the model ±usela_2';e
that for the 14.8 ° oe_tz._, there is a..crea)_ in _oe
4-" .L " •cy of 2.5_o from _nao of the free stream test For the 20.4 °
setting the decrease is 5_, for the 25.5 ° settinTo it is zero,
and for the 30_3 ° settinc there appesffs to be a slight gain,
If the efficienoies are oor_pared at the power coefficient of
maximum efficiency for the free stresm tests, however, it will
• unu iPbe seen that at all settin@s the propeller ms less effici _ _
zo the small-the presence of the model fuselage, and that there "_
-- • _ .Lest loss - about i_o with the 25.5 ° and S0 3° eotings.
A survey at the propeller pla_ue in front el the model fuse-
lage.,_ 0 y Va.ryl.,<-)lage _'" _"" vel tit _' from zero at the hub to Cree streoA_
<lao.e tip (Reference I) _ °mailer loss invelocity at the "" _ • .
peak efficiency for the °5.5° and 30.3 ° _"_ouotings seems therefore
not unreasonable since the pitch distribution for these settinss
is of the s&me ;_.o_ as u_e vc]o_i , distribution• On the other
hand_ the small loss in peak efficieno, y for the 14.8 ° setti__:,_
see--o:.ocontrary to the =,_o._zal expectation.
It should be noted _._at,' with the wind s_}ecds, employed in
.... _oluoo values of tkrust }:,;r.a _o_q__ at :'r_axmmuutAese -._cs3 _ S._-
_.......I r_Rrticularlv wib: unu hi<h pzocn settings,officicnclr r_re .:t.m , _ __ _ _
and th;:,,ttherefore a small ;<bsolute error in observation of
thrus _ cr t<rque is relativ@Iy l&rse. The probojole erzors in
thrust stud torque observations are believed to be about +.02 I%.
rnd i.O! lb. ft.: resuectively, correspondin@< to about +½_ of
the observed values for. ms,ximum effi<iency ,_u_'_tke 30.3 ° se=_'_£._ul. ..
Individual _+ ...... " " " _-'"Cl_u_:_I_rlZtlOr_S Of 8ffioiency :qco_r _e ::IO_Xiill]AI'f_l<_&tY
be, therefore, +I_ in error.
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Prooeller A-
I V 2
_-P P
4.91
4.05
5.15
5.22
5.25
5.36
5.50
5.38
5.53
5.24
5.9'-/
3.15
I. 42
0.19
• _U_O_
,00232
.0023_
.00238
.00831
.00231
.00231
.00_, 1
.00831
.00831
.00251
.00231
"h_'7 9 _z,7
. <J, ] _-_ ,- J ..L
C7 "7 '"
. ,JrO_ o1
TABLE !I
Tree _iJ nd
V
it. /see,
:35, 0
35 ,_
66 _
67. _
67.5
68.1
@7.7
38.8
69.2
70.5
72.0
53.5
35 • 0
12.9
n
!0.8" RT£ius
thzust
lb.
0
0o76
"" .03
5o05
4.57
6.61
9o15
,o 22
_L_.
15.25
22,37
30,50
30.50
30.50
30.50
r.p.s.
34.5
35.7
37,2_
39.0
40.3
42.7
45._L
47.7
5o.8
56, 7
62,5
58.7
5s.i
47.7
t 14.8 °
ib. -ft.
0.84
1.07
r7 %-i.oo
i. @7
8.05
2.53
5.15
3.81
4.51
6.01
7.75
6.79
5.9;3
4.91
Prone] let A
4.91
4.95
5.15
5.22
5.25
5.36
5.30
5.38
5.55
5.74
5.97
1.42
0.1'9
.828
.811
.594
.574
.558
•532
• 501
.477
.455
•415
.384
.307
.224
.OOl
TABLE Ii
rue Wind 8trecc_ -
- O z:_D4
Cp : power
0 naD s
f_ . J-,,,0_1u • )
I0. _-C" Radius ,:o_-' 14. _O
efficiency
0
.0052
.0077
, .o:
.015i
.019 4
' OSz_
.0288
.03}5
.0375
[ .04i9
.OJ08
i .0601
.0717
.0079
.009 4
.0108
.0122
.0141
.0155
.0172
.Ol;-8
.0105
•0810
.02£3
0_,7
.0249
•0248
0
.207
•42,6
•SO1
.505
.864
.700
• 731
.733
.738
.922
.660
.546
.269
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TABLE III
- . R_c_luo at 20 4 °Pro:oel!er A - Free Wind Stream I0 8" " _ _
_ V n thrust torque
_- P V_ O ft./_ __ lb. 14 -ft
_C(,. r.p• s. • •
4.78
4.8@
5.00
5.01
4.94
4.99
5.10
5.14
5.24
<-0.37
5.5;_
3.19
1.35
.25
.00_26
.0022@
•00224
.00223
•00223
•00223
•00223
.00223
•00223
.00223
.00223
.00224
•00224
.00224
64.8
65.5
66.8
87.0
66.4
66.9
67.6
67.0
68.5
G9.4
70.4
53.4
34.8
!5.0
25.8
27.0
28.7
29.8
31.2
33.3
35.8
58.5
41.0
4S. G
51.8
48.2
44.8
42.7
0
.76
8.03
3.04
4.56
6.58
9.11
12.15
16.20
22.27
30• 37
30.37
30.37
20.3;7
O. 46
0.74
1.19
1•53
2.00
2.63
3.37
4.2i
5.32
6.86
8.86
S •01
6.96
,r_.] 6
TABLE II! (Cont.)
Propel] er
=}pV _
4.76
4.86
5.00
5. O1
4.94
4.99
5•10
5•14
5.24
5•37
5.54
3.19
1.35
.2,5
A
V/:D
,$37
.809
.775
.749
.710
.670
.629
.588
.545
.498
.453
.360
._58
.It7
Free Wind
thrust
CT - p n2D _
0
.0057
•0135
.0189
.0259
.0328
.0393
.0453
•0510
.0567
.0626
•0721
•0830
•0917
Stream_ - i0.8" Radius
'V---- ........
op : 2q} {er
p nSD s
.0078
.0117
• 0107
.0199
• 0258
• 0274
• 0304
.0329
.0351
.0365
•0382
•0398
.0398
•0390
at 20.4 °
efficiency
0
•394
.628
.703
.774
.801
.8±2
•810
'7, c i q
•769
• 742
.668
• 5:59
.275
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TABLE V
P:;opeller
V _h P
5.17
S. I5
5.23
S.43
r< 49
5.63
5. A2
5.71
5.74
5.86
,3.0@
3.33
1.51
0• 30
A __
V n
P
. <<',231
• ()0232
.00252
•C<_2,ol
•O0831
.00252
- _)r_
.00_oI
•00238
•00252
•00232
.00255
.00235
Free Wind Stre_r_ - 10.8" Radius at 30.3 °
-?t. /SOO. r.p.s.
17.8
18.4
19.8
2]..1
2 '_ 9
85.0
2C. 9
20.7
31. i
36.5
41.0
40.7
39.8
thrust
lb.
0
0.76
2.03
3.05
4.58
0.61
0.15
12.20
14.24
oo 37
30.51
50.51
80.51
30.51
..............................................
66.0
f'J,_
O D,
67. _'
86.5
68.9
69.8
6 ° 4<J •
70.3
7O.4.
71.2
78.3
53.@
36.1
13.1
_orque
lb. -it.
0.34
0.80
I. 45
1.92
;d. 62
5.50
4.55
5.72
6.2i6
9.26
IS.07
11.81
1!.50
12.44
TABLE V (Cont.)
Pro.el]or A - Free Wind Stresm- I0.8" Ra£ius at 50.3 °
5.17
5.15
5.23
5.45
5.49
5.63
5.42
5.71
5..74
5.86
6.06
3.33
1.51
0.30
V/'nD
1.253
1.211
1.131
1.082
1.004.
.930
• 84.7
.788
• 753
.651
.587
•439
.299
.!34
thrust
3 T
p OW@I'
- p r.sD s0 n _ D '_
0
• 0120
.0276
.03iJ4.
• 0466
.0564.
• 0673
.0738
.0782
.0896
•0965
•0080
.1003
.1021
.0120
.0284
•Oe13
•0483
.0560
.0625
.0696
.0724.
.0743
.077" o
.0799
.0796
.0792
.0873
T]
efficiency
0
•552
• 754
.816
.836
.858
•819
• 803
• 792
.749
• 709
• 540
.379
•157
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TASLE IV
Propeller A- Fi_ee
, V2-%aP
5.29
5.35
5.43
5.45
5.47
5.54
S. 44
5.55
5.69
5.04
G.]3
"7o. 81
.88
0.87
.00238
.()o231
•0 <,2,3i
•00231
.002,51
00" 7• 6otDi
• 0,4251
.002 31
.0<>281
•<90,281
• 00858
.00258
V
6'7.6
c8. i
68.8
C8.7
o_ O
89.5
68.7
60.5
70.2
71.7
72.8
52.7
35.2
15.5
Wind _trca*_ i0.8" R_;dius at 25.5 °
r.p. s. I lb. 1 lb.-ft.
..... i .................
21.5 0 1 0.44
O. 76 0. AS
;]. 03 1.35
3.05 k. 75
4.58 S. 34
5.61 5.]0
0.15 5.07
18.80 4.07
10.2,7 8.33
22. o, 8.22
30.5! i0.63
30.51 0.32
30.51 8.74
30. ,5]. 0.0),_
22.5
23.6
_e,8
2@.2
28.3
30.4
33.1
38.2
40.5
45.3
42.2
40. ,6
40.7
Pro r;ellor A
5.20
5.35
5.43
5.45
5.47
5.54
5.44
5.55
5.60
5.94
6.15
3.21
1.28
O. 27
V/nD
1. 049
1.0ii
•067
.925
.875
•817
.735
.699
.647
.500
.637
•417
.273
.125
TABLE IV (Cont.)
Frec Wind Stream - iO.g" Radius at 2,5.5 °
..................................................... --T
tl:rust power I 5
CT - 0 n_D _ Cp = p haD a _ efficiency
0
.0081
.0195
.0265
.0356
.0441
.0530
.0596
.0665
.0"/28
.0"/96
•0017
• 0083
.0<,00
.0107
•0185
.0270
.03i9
.0381
.0434
._AOO
•0509
.0542
.0561
.0582
.0587
. O590
•0608
0
•441
.608
.771
•817
.85]_
.820
.818
• 704
.7@5
.734
.650
. -_54
• 203
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Propeller
TABLE VI
. r_oc_lllS 8o 14.oA v;ith VE-7 Fuselage - 10.8" _-_ " _ _o
4.80
4.85
4.87
4.$6
4.84
4.51
4.93
4.79
5.16
5.24
£.60
1.27
0..]',.7
P
.00230
._0230
.00229
.90fi29
.00220
.00229
.00229
.00220
.00229
.00228
.00££8
.00228
V n
ft./se_, r. to.s.
64.5 33.2
65 • 0 54.7
65.1 36.1
65.1 37.2
65.0 38.9
6£,. 7 40.4
63.6 48.5
64.7 50.7
67.2 56.6
6.7,.8 62.8
47.7 56.8
55.4 $4.0
12.3 50.0
................. L....................
thrust
1!_o
-0. O1
+O. 79
2.07
3.08
4.57
@.56
12.25
16.43
82.85
31. O0
29 o07
50.3@
30.35
torque
lb.-ft.
0.77
1.02
1.35
1•o5
2.08
2.44
3.75
4.73
6.t7
7.9O
6.76
6.21
5.37
Propeller
TABLE Vi (Cont.)
A with VE 7 Fuselage - 10.8" Radius at 14.8 °
4.80
4.85
4.87
4._6
4.84
4.51
4.65
4.79
5.i6
5.24
2.60
1.27
0.17
V/riD
.647
.624
.60]
.583
• 557
.518
.456
1'-)
. _.l:KJ 5
• 396
• 360
.280
.206
• 081
I
C T -
k
tkrust
PnnD _
.0001
.0055
.0085
.0120
•0163
.0217
.0505
.0345
.0385
.0,1-26
.0502
.0563
.0642
power
Cp =
p n3 Ds
.0078
.0095
.0117
.015>5
.0151
.0169
.0196
.0208
.0218
.0227
.0237
.0241
.0238
efficiency
-.004
+.23i
.440
.519
•603
.7!i
.705
.609
t
.67_
•593
! . 481
I .219
TABLE VII
Pro )ellor
4.78
4.80
4.85
4.88
4.g4
4.48
4.53
4.64
4.82
S.!l
5.42
5.i2
i. S8
0.20
P
A with VE-7
V
i
ft./_, oeG•
64.8
65.1
65.4
65.7
66.i
62.0
@3.3
64.1
65.5
67.3
69.5
52.5
35.0
13.2
[
• 002"7
.00227
.00227
•00826
.00228
.00226
.00826
•0022(3
.0022G
.0022G
.00826
•00227
•O0327
.00227
--, _ ._ __ .8 '1usel;z, e i0 Radius at 20.4 °
r.p.s. I%. lb. ft.
24.4
25.6
27.4
r) _-_
_0 . 7
3o.5
81.8
84.6
37.8
41.7
46.7
52.5
49.4
43. O
44.7
-0.08
+0.75
2.05
3.09
4.66
f_o. 53
g.ll
12.27
18.4S
22.66
50.78
30.54
50.17
30.37
0.38
0.71
1.is
1.59
2.15
2.70
S. 48
4.41
5.59
7.33
9.54
8.56
7 •C8
6.20
TABLE VII (Cont.)
Pro<el]er A with VE-7 Fuselage - 10.8" Radius at 80.4 °
4.70
4.8()
4.85
4.88
4.04
4.48
4.55
4.64
4.82
5.11
5.42
3.12
1.88
0.20
V/riD
.885
.846
• 797
• tiO (,.)
.721
.659
.6!0
.565
.525
.480
.440
.354
.249
.099
thrust
CT -
p n_D_
-.0005
+•0062
• O149
.0205
- q
•0_73
.0352
.04!6
.0468
.05t7
•0568
.0610
.0883
.0748
.0<_8
power
Cp .............
o had _
.0075
.0zb3
.0130
.0220
.0263
.0505
.0332
.0351
.0568
• Ooco
•0396
.0401
• 0 L._ "-, C)
.0594
efficiensy
-.082
._29
.662
.709
.747
•761
• '7C4
_53
.
.734
.709
.677
.603
.466
.207
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TABLE VIII
Pro)eller A with V=-, Fuselage - !0 _" Radius at 25 5°
4.95
5.01
4.',99
5.02
5.].5
4.72
4.74
4.84
5.08
5.33
5• 59
3.01
1.29
O.IO
P
. _02_8
• 00228
.00227
.00227
.00227
.00227
.00227
._0227
.0022?
.00227
.0022;Z
.00229
.09227
.90227
V
ft./se
65.0
66.2
66.4
67•3
¢4•5
64.6
65.3
66.9
68.5
70.2
51.5
33.7
IS.S
Co
n thrust torque
........ r_. _L s. .......... lb. ............. lb. <ft_.
20.0 0.13 0.33
21.2
22.5
23.7
25.8
27.5
30.0
32.9
36.5
4]. 2
46• 6
44.4
43.3
42.8
0.03
2.19
5.22
4.,25
6.75
9.29
12.42
16.88
2_.93
31.30
30.92
30.38
30.37
0•77
1.30
1. '/5
2.44
3.13
4.03
5.O8
6.47
8.42
I0.97
O .06
0.<2
9.25
Propeller
TABLE VIII (Cont.)
A with VE-7 Fuselage - i0.8" Radius at 25.5 e
4.95
5.01
4.99
5.02
5.15
4.72
4.74
4.84
5.08
5.33
5.50
3. Ol
1.29
0.19
V/nD
1. 008
1. 042
.982
• 932
.869
.782
.717
.66]
.612
.554=
•502
•387
.259
.I00
thrust power
_p _
p n s D 5CT p n_D '_
.0017
.o]]2
.O235
•03i0
•0395
•04_6
.0559
•0623
.0682
.0734
.0785
.0855
.08SO
.0902
.0005
.0194
.0294
.0352
.04!6
.0475
.0508
.0535
•0554
.0565
.0576
.0576
•0802
.0575
efficiency
.180
.605
• 726
mrb
.8_0
•826
.805
•7_9
.773
.752
.72]
._84
.378
.iSG
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TABLE iX
pro_-e] Icr
4.76
4.80
d.87
'_•94
,I L
_.99
A•55
4• 56
4.77
4.96
5.14
5.53
3.06
1.85
0.82
.0022G
NIP O O
.00285
m " "U 0'.-
• KJUO_
• ch ,% ( TM
.00 _ ,:,::
.0022&
•0028C
.002°(3
.00_o
.00227
.00227
f'_ r,, 'D ")
• b%,'_ _ t
A _,ith YE-7
V
#'_- /S
- u. co.
Fuse!aGe - 10.8" Radius at 30.3 °
n thrust i torque
r.o.s, lb. i lb.-ft.
65.0
65.2
$5.8
66. :_
66.5
G3.5
63.5
64.9
68.3
67.4
¢9.9
51 •9
53.2
14.1
16.1
17.5
19•1
20.4
22.5
24.2
26.5
29. B
33.1
37.0
43.9
!
I 42.7 i
42.3
42.2
.L_
-.05
+.75
2.09
3.15
4.71
B.55
9.14
12.36
16.59
22.80
51.2z_
30.40
30.54
30.42
0.]9
0.t27
1.57
1.9i
2.66
3.45
4.68
5.67
7.24
9.58
13.38
12.37
12.48
15.54
TABLE IX (Cont.)
Propeller A v:,it'-.. VE-7 _usela_e - 10.8" R_dius at 30 3 °
1
4.78
4.80
4.87
4.94
4.99
4:.55
4.56
4.77
4.96
5.14
5.55
3.08
1.25
Y/nD
1. 342
1. 258
1.151
thrust
C_ ....
p n2D ¢
-.0011
+.0137
o51 
1.083
.998
•o7:_
.797
• 732
.887
.597
.531
.408
• _o ,.D.<J
.IIi
.0415
•0511
• 0614
.0709
.0771
.0826
• 0870
• Oo cO
• 0910
.0 S,._ b
.0950
power
Cp -
p n 3 D S
.0083
.0255
.0434
.0527
• 0806
•0,,%78
.0723
.0742
.0755
.0775
.0794
•0778
.0797
• 00© t
efficiency
-.172
+.874
.834
.851
•834
.705
.702
.781
•730
.679
.592
•476
•304
.119
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